Abstract. We set out to generate new human myeloma tumors that grow in immunodeficient mice and can be used for pathophysiological studies and rapid evaluation of new therapies. Fresh whole core bone marrow (BM) biopsies taken from 33 myeloma patients were engrafted into the hind limb muscle of severe combined immunodeficient (SCID) mice. Human Ig was detected in 28/33 mice and three grew palpable tumors displaying many features of human myeloma including morphology, immunophenotype and BM plasmacytosis. Following intramuscular passage, we generated large numbers of mice with predictable increases in tumor growth and human paraprotein levels. We further characterized the model generated from an IgGÏ-producing tumor known as LAGÏ-1 and determined the effects of the proteasome inhibitor bortezomib, the alkylating agent melphalan, and the DNA damaging agent liposomal doxorubicin, on the growth of this tumor. LAGÏ-1-bearing mice receiving higher doses of bortezomib showed reduced tumor growth whereas a lower dose had no effect. In contrast, melphalan did not significantly alter tumor growth, except minimally at high doses, reflecting the resistance of this patient's tumor to this drug. We also used our intramuscular (i.m.) LAGÏ-1 model to optimize the dosing schedule of liposomal doxorubicin. Low doses administered once daily three days per week decreased tumor growth and human paraprotein levels whereas much higher doses given once weekly had no anti-myeloma effects. Furthermore, LAGÏ-1 cells produce local tumors when injected subcutaneously and lytic lesions when injected intravenously allowing for multiple methods of evaluating the anti-myeloma effects of a variety of agents. Our new clinically relevant SCID models of human myeloma should greatly facilitate drug development and enable novel therapies to quickly move from the laboratory to the clinic.
Introduction
Multiple myeloma (MM) is a malignancy characterized by the proliferation of monoclonal plasma B cells in the bone marrow (BM). It is the second most common hematologic malignancy in the US with an incidence of 15,000 new cases per year. This disease is associated with a serum monoclonal (M) protein or immunoglobulin, development of osteolytic lesions and bone resorption. Currently, there are numerous treatment modalities for MM but the disease remains incurable. With the recent addition of novel anti-myeloma therapies to the treatment arsenal, there exists a need for in vivo models of human MM that are both biologically and clinically relevant, and allow for rapid and efficient evaluation of drug therapies and new targets for treating this B-cell malignancy.
Human MM cell lines have commonly been used for developing in vivo models (1) (2) (3) (4) (5) (6) (7) . The advantage of these models has been the ability to produce large numbers of experimental animals in short periods of time. Although these cell lines readily grow consistent tumors in SCID mice, the resulting models often have few similarities to human MM. In addition, these immortalized cell lines grow in vitro, independent of the human BM microenvironment, further demonstrating biological characteristics and growth patterns more similar to plasma cell leukemia or aggressive lymphomas rather than typical MM in vivo.
Several new animal models have been generated either through the injection of purified myeloma cells from MM patient bone marrow aspirates (8) (9) (10) (11) (12) (13) (14) or the implantation of human fetal or rabbit bones into immunodeficient mice followed by injections of purified myeloma cells from MM patient bone marrow aspirates (15) (16) (17) . These cells were successfully engrafted >50% of the time and eventually led to the appearance of serum paraprotein and, in some cases, extramedullary tumors. While these models are widely used to study the biology of myeloma and its manifestations, they are limited to the amount of cells obtained from each patient sample and cannot generate large cohorts of animals bearing tumor. In addition, the primary myeloma cells disappeared after complete resorption of the fetal bone implants, indicating that the myeloma cells could not grow without the human fetal bone microenvironment in the mice.
We describe in detail one novel MM model and its usefulness in evaluating a variety of anti-myeloma agents. One IgG-producing patient's tumor, known as LAGÏ (Los Angeles IgG Ï light chain)-1, was more fully characterized and underwent continuous passage in the murine muscle. SCID mice inoculated or engrafted with LAGÏ-1 cells develop clinical manifestations of human myeloma including increased levels of serum monoclonal paraprotein, cell morphology, bone marrow plasmacytosis, and ultimately bone resorption. LAGÏ-1 maintains the parent tumor characteristics. These myeloma implants can provide large cohorts of SCID mice growing tumors with consistent growth patterns in a very short period of time for rapid evaluation of preclinical studies. LAGÏ-1 was derived from a patient resistant to melphalan treatment. We found that this chemoresistant phenotype was maintained as reflected by LAGÏ-1's ability to grow in vivo even in the presence of high-dose melphalan.
This study examined the following: 1) the ability of LAGÏ-1 to propagate in SCID mice via administration by various routes intramuscular, intravenous and subcutaneous (i.m., i.v., s.c.); 2) the stability of LAGÏ-1's drug-resistant phenotype acquired from the patient; and 3) the in vivo response on i.m. administration of LAGÏ-1 following treatment with various chemotherapeutic drugs.
Materials and methods
Patient samples. Fresh bone marrow biopsies from 33 patients diagnosed with MM were obtained following informed consent per Cedars-Sinai Medical Center and the Institutional Review Board (IRB) protocols. The Ig heavy and light chain isotypes were determined at diagnosis by immunofixation electrophoresis (IFE).
Animals. Six-to-eight-week-old homozygous C.B-17 SCID/ SCID (severe combined immunodeficient, SCID) mice were obtained from Harlan Sprague Dawley (Indianapolis, IN) and were maintained in a pathogen-free area in our resources facility. All animal studies were conducted according to protocols approved by the Cedars-Sinai Institutional Animal Care and Use Committee (IACUC).
Cells and culture conditions. The RPMI-8226 MM cell line (American Type Culture Collection, Manassas, VA) was cultured in RPMI-1640 (Omega Scientific, Tarzana, CA) supplemented with 10% fetal bovine serum (FBS), 2 mM L-glutamine, 50 units/ml penicillin, and 50 μg/ml streptomycin (all Omega Scientific, Tarzana, CA). Prior to s.c. tumor cell injection into mice, cells were washed twice and re-suspended in RPMI-1640 with 10% FBS at a concentration of 5x10 6 cells/ 100 μl.
Patient primary intramuscular bone marrow biopsy implants.
Six-to-eight-week-old male SCID mice were irradiated with 250 cGy, and anesthetized with ketamine, xylazine, and isoflurane prior to surgery. Fresh myeloma patient bone marrow biopsies (2.0-4.0 mm 3 ) were implanted into the superficial gluteal muscle of the left hind limb. Starting on the day of surgery, mice received a weekly injection of anti-asialo GM1 rabbit sera (Wako Bioproducts, Richmond, VA) to further suppress NK-mediated immune activity. Tumor volume was measured weekly using calipers and the following formula: 4/3π x (width/2) 2 x (length/2), accurately portraying the threedimensional volume of an ellipsoid (18) . Human paraprotein levels were measured weekly (see below).
The LAGÏ-1 mouse Intramuscular model. A growing LAGÏ-1 i.m. tumor was excised from a donor mouse, sectioned, and surgically implanted as described above. Tumor volume was measured as described above and tumor clonality was determined by IFE using standard clinical techniques. Subcutaneous model. A growing fourth generation LAGÏ-1 i.m. tumor was excised from a donor mouse, sectioned and digested using pronase-E (EMD Chemicals, Gibbstown, NJ). The cells were filtered over autoclaved 200 μm nylon mesh filters (BioDesign Inc, New York, NY) in order to produce a single cell suspension. The cells were washed 3 times in PBS, counted and assessed for viability using trypan blue exclusion. SCID mice irradiated as before received s.c. injections of 3x10 6 LAGÏ-1 cells suspended in 200 μl RPMI-1640 or 100 μl RPMI-1640 with or without 100 μl of Matrigel basement membrane matrix (Becton Dickinson, Bedford, MA) into the right flank. Tumor volume was measured weekly using calipers and human IgG (hIgG) serum levels were measured weekly by ELISA, as described below. Intravenous model. A fifth generation LAGÏ-1 i.m. tumor was excised from the mouse and single cell suspensions were prepared as described above. Irradiated SCID mice received an i.v. injection of 5x10 6 LAGÏ-1 cells into the tail vein. Statistical analysis. Tumor growth and human IgG secretion curves were analyzed in terms of treatment group means and standard error. Statistical significance of differences observed in drug-treated mice versus control mice was determined using a Student's t-test. The minimal level of significance was P<0.05.
Determination of human

Results
Generating human myeloma tumors in SCID mice from MM patient BM biopsies.
Fresh whole BM core biopsies from 33 individual MM patients were surgically implanted into the left hind limb superficial gluteal muscle of irradiated SCID mice. Of the 33 individual patient samples, 26 were from patients secreting IgG monoclonal proteins and seven were from patients secreting IgA. Twenty-two of the 26 mice (85%) implanted with IgG-expressing BM biopsies showed detectable human paraprotein in the serum three to four weeks postimplantation. Three of these implanted IgG biopsies produced a palpable tumor 9 to 11 weeks post-implantation. Six out of the seven mice implanted with IgA biopsies showed an increase in paraprotein levels, but none produced a palpable tumor. Of these IgG-secreting tumors, LAGÏ-1 was established through serial i.m. passages. The 74-year-old female from whom the LAGÏ-1 tumor was derived presented initially with Durie-Salmon Stage IIIA IgGÏ MM, and had a serum IgG level of 7470 mg/dl with multiple new lytic lesions. This patient received prior treatment with the combination of melphalan and prednisone, the single agent thalidomide and local radiation therapy. She did not respond to treatment with melphalan and prednisone.
Thirty days following implantation of the patient's whole core biopsy into the SCID mice, human paraprotein was detectable in the murine serum. At the time of sacrifice, hIgG levels were as high as 1700 mg/dl (Fig. 1A) . A palpable tumor developed at 11 weeks post-implantation (Fig. 1A) . Tumor volume was measured weekly using calipers. Twelve weeks post-implantation, the tumor measured 1.9 cm 3 and the mouse was sacrificed. To determine the clonality of the LAGÏ-1 tumor, hIgG and hIgÏ in the murine serum were analyzed by immunofixation electrophoresis (IFE). Monoclonal hIgG heavy and hIgÏ light chains identical to the patient's paraprotein were detected (Fig. 1B) . Thus, LAGÏ-1 expressed the same Ig type as the myeloma patient from whom it was derived.
Biological characteristics of LAGÏ-1 passage tumors. At 85 days post-implantation, the 1.9 cm 3 first generation LAGÏ-1 tumor was excised from the mouse and divided into two fragments. One fragment was used to passage the tumor in vivo and the remainder was fixed in 10% buffered formalin and embedded in paraffin for histological analysis. Sections (4-5 μm) were cut and stained for cellular morphology with H&E. LAGÏ-1 cells were rounded, contained abundant cytoplasm and displayed the typical eccentrically located nucleus found in plasma cells ( Fig. 2A and B) . Immunofluorescent studies showed that the cells expressed the memory/plasma B cell surface marker CD38 (Fig. 2C ) and cytoplasmic hIgG (Fig. 2D) . The LAGÏ-1 tumors were EBV and CMV negative by IHC staining (data not shown). To confirm the stability of the LAGÏ-1 model, cells from a late-passage tumor were analyzed using flow cytometry ( Fig. 2E and F) . A 15th generation LAGÏ-1 i.m. tumor was excised and made into a single cell suspension. The cells were surface stained for CD19, CD20, CD38, CD45, CD138, and permeabilized and stained intracellularly for cytoplasmic hIgG. The LAGÏ-1 tumor maintained expression of surface CD38, CD138, and cytoplasmic hIgG (Fig. 2E and F) whereas the cells did not express CD19, CD20, or CD45 (data not shown).
Although LAGÏ-1 cells undergo apoptosis when cultured in vitro for longer than 72 h (data not shown), a series of surgical implantations allowed maintenance of the LAGÏ-1 tumor in vivo, suggesting that LAGÏ-1 requires support by the murine microenvironment.
Once the volume of the primary patient implant tumor measured 1.9 cm 3 , the tumor was removed, sectioned and implanted as before. Currently, we have maintained the LAGÏ-1 line for >20 consecutive i.m. passages over a period of two years. The animals implanted (~90%) with a fourth generation LAGÏ-1 tumor fragment developed a measurable tumor at a mean time of four weeks post-implantation (Fig. 3) . With subsequent passages, the latency period for detection of a palpable tumor markedly decreased from 11 weeks to four weeks by the fourth generation while the time to detect hIgG decreased from four weeks to three weeks (Figs. 1A and 3) suggesting that we may have selected for an aggressive proliferative population. We are currently characterizing this proliferative component.
LAGÏ-1 cells grow in vivo when injected subcutaneously or intravenously.
Most pre-clinical MM in vivo studies have evaluated drug efficacy by their effects on local s.c. tumor growth (18, 19 ); thus, we tested whether the LAGÏ-1 tumor could be maintained when it was similarly injected. We also determined whether Matrigel, a basement membrane matrix with a combination of growth factors that has been shown to favor angiogenesis (20) , would have a stimulatory effect on LAGÏ-1 growth. Using an established i.m. passage tumor, we generated a single cell suspension and inoculated five SCID mice s.c. in the right flank with 3x10 6 cells and five SCID mice with the same number of cells suspended in 50% Matrigel. Paraprotein levels were first detectable in both groups at 14 days post-inoculation (Fig. 4) . There was no significant difference in the growth of the tumor between the mice given cells with or without Matrigel (data not shown).
To extend the model to include BM infiltration by LAGÏ-1, we initiated tumor growth through i.v. injection of LAGÏ-1 tumor cells. Using an established fifth generation LAGÏ-1 i.m. tumor, we created a single cell suspension and injected 5x10 6 LAGÏ-1 cells into the tail vein of each SCID mouse. The mice showed detectable hIgG levels within 10-11 weeks (Fig. 5A) , nearly 5 times longer than the time required for the appearance of hIgG in the serum of i.m. LAGÏ-1 tumor-bearing SCID mice. At the time of euthanasia, ~50% of these mice showed signs of hind limb paralysis, evidence of myeloma cell infiltration into the marrow space and bone resorption. Most notably, the LAGÏ-1 myeloma cells metastasized and heavily infiltrated the murine tibia (Fig. 5D) . Moreover, histological analysis of tissues harvested at the time of sacrifice confirmed MM cell infiltration into the murine liver (Fig. 5B) and spleen (Fig. 5C ). Other tissues with myeloma cell infiltration also included the murine lung and kidneys (data not shown).
Growth of LAGÏ-1 is markedly inhibited by bortezomib and liposomal doxorubicin but only minimally by melphalan.
In order to test the clinical relevance of our MM mouse model and show that the LAGÏ-1 tumor could produce large numbers of animals for efficient testing of drugs in pre-clinical studies, we studied the activity of bortezomib, a proteasome inhibitor with known anti-myeloma effects (21), in i.m. LAGÏ-1- bearing mice. Twelve irradiated SCID mice implanted with 2-6 mm 3 LAGÏ-1 tumor fragments developed measurable tumors and detectable levels of serum hIgG. Once the tumor was palpable at 17 days post-implantation, mice were blindly assigned to 1 of 3 treatment groups, including: 0.05 mg/kg bortezomib (n=4), 0.5 mg/kg bortezomib (n=4), or 0.9% normal saline control (n=4). The drug or saline was administered i.v. twice weekly. Animals treated with the lower dose of bortezomib (0.05 mg/kg) showed similar paraprotein secretion (Fig. 6A ) and tumor growth characteristics (Fig. 6B) to those animals receiving control saline. In contrast, those animals receiving the higher dose (0.5 mg/kg) of the proteasome inhibitor showed significant inhibition of LAGÏ-1, compared to control animals, as demonstrated by both reduced tumor growth (P=0.004) and decreased hIgG secretion (P=0.003; Fig. 6A and B) .
We wished to further validate our LAGÏ-1 model by determining whether the tumor maintained in the SCID mice continued to show the melphalan resistance of the original patient's disease. Mice (n=23) were implanted with a 2-6 mm 3 LAGÏ-1 tumor fragment i.m. Once the tumor was detectable, the animals were randomized into four separate melphalan treatment groups (0.06, 0.6, 6.0, or 12.0 mg/kg, n=5 each), or a 0.9% normal saline control group (n=3). Melphalan was administered i.p. once weekly, starting 22 days post-implantation. Animals treated with melphalan at doses ≤6.0 mg/kg showed similar tumor growth to those receiving vehicle alone (Fig. 6C) . Only animals receiving the highest dose (12.0 mg/kg) showed a minimal decrease in tumor growth compared to those treated with vehicle alone (P<0.04, Fig. 6C ). This dose was 20 times higher than the dose that produced significant growth inhibition of the melphalansensitive MM cell line RPMI-8226, when similarly implanted in SCID mice (Fig. 6D) . SCID mice bearing s.c. RPMI-8226 tumors were treated with various doses of melphalan (0.006, 0.06, and 0.6 mg/kg, n=3/group) once weekly via i.p. injection. A dose of 0.6 mg/kg was sufficient to significantly slow tumor growth compared to other doses and vehicle alone. Therefore, the LAGÏ-1 i.m. model exhibits melphalan resistance similar to that of the original MM patient's disease.
Finally, we investigated the anti-myeloma effects of liposomal doxorubicin and optimized the drug's dosing schedule using the LAGÏ-1 i.m. model. Twenty days post-implantation, mice bearing i.m. LAGÏ-1 received weekly i.p. injections of liposomal doxorubicin at 0.3, 1.0, 3.0, or 10 mg/kg, or 0.9% saline (four mice in each treatment group). No anti-myeloma effects were seen at even the highest dose (data not shown). When we administered this drug more frequently, however, marked anti-tumor effects were observed with low doses of liposomal doxorubicin. When the tumor was detectable (17 days post-implantation) mice were blindly assigned to 1 of 4 treatment groups, liposomal doxorubicin at 0.3, 1.0, or 3.0 mg/ kg, or a saline control group (four mice in each treatment group). Liposomal doxorubicin or saline were administered i.p. once daily for three consecutive days weekly for the duration of the study. Marked inhibition of LAGÏ-1 was found in all three groups of SCID mice that received liposomal doxorubicin with this more frequent dosing schedule. Tumor inhibition was observed even among animals that received the lowest dose thrice weekly (0.3 mg/kg/dose = 0.9 mg/kg/week) which was <10% of the weekly dose (10 mg/kg) that had no anti-myeloma effect when administered once weekly. Specifically, animals treated with thrice weekly liposomal doxorubicin showed decreased hIgG serum levels (0.3 mg/kg, P=0.002; 1.0 mg/kg, P=0.003; 3.0 mg/kg, P=0.002; Fig. 6E ). Moreover, a similar reduction in tumor size was also observed in the groups that received this more frequent treatment schedule (data not shown). These results show that marked differences in the anti-myeloma effects of this anthracycline can be achieved with a simple adjustment of the dosing schedule, and suggest that a more frequent administration of lower doses of this drug may improve its efficacy for myeloma patients while also reducing its side effects.
Discussion
The present study demonstrates that the newly developed drug resistant MM tumor model, LAGÏ-1, bears similar characteristics to human MM and allows effective and rapid evaluation of new anti-myeloma treatments. Further, this MM model will improve our understanding of the biology of myeloma and drug resistance. Tumor growth was initially generated from the i.m. implantation of fresh BM biopsies from MM patients. While only three SCID mice implanted with MM BM biopsies generated palpable tumors, 85% (28/33) of the mice had evidence of tumor growth as indicated by the presence of detectable serum hIgG paraprotein levels. Subsequently, extramedullary tumors that grew from the BM implants were excised and passaged into recipient mice to preserve the malignant clone and establish large numbers of tumor-bearing mice with short latency periods before appearance of detectable tumor. Even after 25 passages, the LAGÏ-1 tumor retains the morphologic and immunologic features of the patient's original myeloma cells, including the expression of CD38, CD138, hIgG, and hIgÏ light chains. Furthermore, mice implanted with LAGÏ-1 tumor exhibit characteristics of the MM patient's disease from whom the BM biopsy was taken, including plasma cell infiltration and increasing serum human IgG paraprotein levels. During the first several passages, the latency period for both human IgG detection and palpable tumor decreased significantly, suggesting that we may have selected for the proliferative The LAGÏ-1 model provides multiple advantages over currently available animal models for the evaluation of new treatment strategies for MM. First, the s.c. and i.v. routes of administration of LAGÏ-1 cells allow quantification of the number of cells injected. Thus, a known number of cells can be injected in mice and produce very similar growth patterns as determined by measuring hIgG levels and tumor volume curves. Second, the i.m. and s.c. models provide tumors that are detectable early and measured precisely, and a large cohort of SCID mice with tumors that grow rapidly in a consistent and reproducible fashion. Third, the short latency period and subsequent rapid growth of these tumors establish an efficient model to quickly determine the potential efficacy of drugs within two weeks of the initiation of treatment. Finally, LAGÏ-1 retains the original chemoresistant phenotype displayed by the donor myeloma patient. Experiments investigating the mechanisms behind drug resistance and low dose combination studies to chemosensitize LAGÏ-1 will help shape the future of treating relapsed and refractory myeloma patients.
Previous animal studies have shown numerous advantages in using tumors implanted s.c. for evaluating novel treatments for MM (2, 10, 18, 19) . To adapt our model for use in the preclinical evaluation of new anti-MM therapies, we also expanded the LAGÏ-1 model to include s.c as well as i.v.-administered tumor cells. Single cell suspensions of LAGÏ-1 tumors with known concentrations of cells injected s.c. or i.v., resulted in tumor proliferation and secretion of hIgG paraprotein. By growing LAGÏ-1 tumors s.c., we were able to precisely measure tumor growth at the site of localization. Furthermore, SCID mice injected i.v. with LAGÏ-1 develop hind-limb paralysis and post-sacrificial histology demonstrated that these tumor cells homed to the murine bone. The LAGÏ-1 cells also migrated to other organs in the SCID mice when injected i.v., including the liver, lungs, kidneys, and spleen. This may be due to the large number of cells that were injected in these animals. We are currently investigating the effects of smaller numbers of LAGÏ-1 cells injected i.v. which may allow for in vivo growth within only the BM compartment.
In order to further test the clinical relevance of LAGÏ-1, studies were conducted with bortezomib, melphalan and liposomal doxorubicin using the rapidly growing i.m. model. Clinically, these drugs have been shown to have substantial anti-MM effects (22) (23) (24) 26) . Our studies showed that melphalan-resistant LAGÏ-1 was sensitive to the anti-MM effects of bortezomib. Higher doses of bortezomib (0.5 mg/ kg) reduced tumor volume and serum paraprotein levels in the LAGÏ-1-bearing mice nearly three-fold whereas the lower dose (0.05 mg/kg) had no effect on tumor volume and serum paraprotein levels. These results are consistent with other studies evaluating the anti-myeloma effects of this proteasome inhibitor in the in vivo pre-clinical setting (18, 25) .
Liposomal doxorubicin has recently shown efficacy in the treatment of MM (26) . We injected liposomal doxorubicin at 1.0, 3.0, and 10.0 mg/kg once weekly to LAGÏ-1-bearing SCID mice. Using this dosing schedule, the LAGÏ-1 tumor model did not respond to this anthracycline even at the highest dose. In contrast, when the drug was administered more frequently (thrice weekly), marked inhibition of LAGÏ-1 was found even among animals that received the lowest dose (0.3 mg/kg/dose). These data suggest that in addition to dosage, scheduling optimization can also be critical to evaluating drug efficacy and may allow administration of lower but equally effective doses. Using the LAGÏ-1 model, we can quickly and efficiently evaluate drug dosing and optimize schedules, an aspect of drug development that has not been adequately addressed with many agents.
In addition to facilitating drug development, the LAGÏ-1 model can also be used to study the biology of drug resistance in MM. Since the original LAGÏ-1 BM biopsy was obtained from a patient resistant to melphalan-based therapy, we also tested the melphalan resistance of the tumor in the SCID mice. LAGÏ-1 tumors proved to be resistant to this alkylating agent with only minimal anti-tumor effects observed among animals that received the highest dose of the drug. This dose (12.0 mg/ kg) was much higher than doses of melphalan that produced anti-myeloma effects in SCID mice bearing the RPMI-8226 cell line as well as mice growing other MM cell lines (27) (28) (29) . Hence, the LAGÏ-1 tumors retained the melphalan resistance of the MM patient's cancer cells showing that although this human myeloma has been maintained through serial passages in SCID mice, the characteristics of the patient's original tumor's drug resistance were unaltered. We are currently investigating the mechanism(s) of LAGÏ-1's resistance to melphalan which may help to determine ways to overcome melphalan resistance in MM patients. Preliminary data using this same intramuscularly implanted LAGÏ-1 tumor model suggest that doses of arsenic trioxide, a drug that reduces nuclear factor kappa B (NF-κB) activity, that have no anti-MM effects alone against LAGÏ-1, can be combined with low doses of melphalan to effectively treat this tumor in SCID mice (data not shown). These results suggest that strategies can be developed using this tumor model to help overcome chemoresistance for patients with multiple myeloma (30, 31) .
The LAGÏ-1 model described here should help hasten the development of new agents as well as optimizing dose, schedule and ultimately more effective combination therapies for MM patients. The LAGÏ-1 murine model also provides us with the ability to select the most suitable method of investigation for each specific pre-clinical drug study. For example, s.c. tumor growth can be used to analyze antiproliferative effects whereas growth in the BM following i.v. injection of cells can be used to determine inhibition of bone resorption by anti-MM drugs and effects of novel anti-bone resorptive agents. Studies are currently underway to generate cells that specifically home to the bone marrow microenvironment. In addition, these different models should allow the separation of anti-tumor effects outside of the bone to bone-related anti-MM activity.
The LAGÏ-1 SCID mouse model provides an opportunity to further characterize the pathophysiology of human MM and to rapidly assess and optimize the development of new therapies and targets to more effectively treat and expand the treatment options for patients with multiple myeloma.
The success of the LAGÏ-1 model is not unique to this particular tumor. Other tumors derived from other patients have been established and passaged in vivo. These will be analyzed subsequently. Furthermore, it is possible that with methods to improve the efficacy of take to close to 100% we should be able to determine treatment strategies with individual tumors to treat respective patients.
